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SUMMARY 

A l / l 0 - sca l e  model of t h e  Convair XF2Y-1 a i rp lane  containing so l id-  
f u e l  rocket motors designed t o  simulate t h e  f u l l - s c a l e  turbojet-engine 
c h a r a c t e r i s t i c s  a t  an a l t i t u d e  of 35,000 f e e t  with f u l l  af terburning has 
been f l i g h t  t e s t e d  a t  a Mach number o f  1.53. A l l  results were obtained 
during power-on f l i g h t .  

Resul ts  of t h i s  f l i g h t  indicated t h a t  t h e  model had dynamic lateral  

It w a s  a l s o  shown t h a t  t h e  p i tch ing  moment a t  zero l i f t  
i n s t a b i l i t y ,  but under conditions not l i k e l y  t o  be encountered by t h e  full-  
sca le  a i rp lane .  
was increased approximately 30 percent (nose down) by t h e  low-pressure 
regions over t h e  rear por t ion  of t h e  fuselage exposed t o  t h e  j e t .  The 
l i f t - c u r v e  slope was approximately 25 percent lower than values obtained 
from wind-tunnel tes ts .  
parameter agreed with t h e  value estimated by Convair f o r  t h e  f u l l - s c a l e  
f l e x i b l e  a i rp lane .  
model, which had closed i n l e t s ,  was approximately 25 percent g rea t e r  than 
t n e  value obtained from wind-tunnel t e s t s  of a model with open i n l e t s ,  
but  with d i f f e ren t  af t  fuselage geometry. 

The value obtained for t h e  d i r e c t i o n a l - s t a b i l i t y  

The minimum drag coef f ic ien t  determined for t h i s  

INTRODUCTION 

A t  t h e  request of t h e  Bureau of Aeronautics, Department of t h e  Navy, 
l / l 0 - s c a l e  models of t h e  Convair XF2Y-1 a i rp lane  a r e  being f l i g h t  t e s t e d  a t  
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high subsonic, t ransonic ,  and supersonic speeds by the  Langley P i l o t l e s s  
A i rc ra f t  Research Division t o  determine t h e  minimum drag, some l a t e r a l  
and longi tudinal  s t a b i l i t y  c h a r a c t e r i s t i c s ,  and the  e f f e c t  of j e t  exhaust 
over t h e  body on t r i m .  The Convair XF2Y-1,  which i s  a twin-turbojet-  
engined t a i l l e s s  configurat ion with t h i n ,  low-aspect-ratio,  modified 
d e l t a  wings and v e r t i c a l  surface,  i s  designed t o  be a water-based super- 
sonic f i g h t e r  a i rp lane .  

This invest igat ion,  which i s  being conducted with rocket -propelled 
models i n  f r e e  f l i g h t ,  has been s t a r t e d  with t h e  f l i g h t  tes t  of one model 
a t  t h e  P i l o t l e s s  Ai rcraf t  Research S ta t ion ,  Wallops Is land,  V a .  This 
model w a s  f l i g h t  t e s t e d  pr imari ly  t o  determine t h e  e f f e c t  of j e t  exhaust 
over t h e  rear  port ion of fuselage (he rea f t e r  r e fe r r ed  t o  as beach a rea )  
on t h e  a i rp lane  t r i m  and t o  determine some longi tudina l  and l a t e r a l  sta- 
b i l i t y  cha rac t e r i s t i c s .  The j e t  w a s  provided by a sol id-propel lant  rocket 
motor, contained within t h e  model, t h a t  w a s  designed t o  simulate jet-engine 
cha rac t e r i s t i c s  of t he  f u l l - s c a l e  a i rp lane  a t  a Mach number of 1.5 a t  an 
a l t i t u d e  
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of 35,000 f e e t .  

SYMBOLS 

t o t a l  included wing area ,  sq  f t  

wing mean aerodynamic chord, f t  

v e r t i c a l  dis tance between t h r u s t  l i n e  and center  of grav i ty ,  
f t  

angle between longi tudina l  p r i n c i p a l  ax i s  and longi tudina l  
body ax i s ,  pos i t i ve  when body a x i s  i s  ro t a t ed  above p r inc ipa l  
ax i s  a t  t h e  nose, deg 

cross-sect ional  a r ea  of equivalent body 

radius  of equivalent body of revolut ion 

maximum diameter of equivalent body 

body length 

dis tance from nose, i n .  

radius  of curvature of beach i n  plane normal t o  longi tudina l  
body a x i s ,  i n .  
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l i m i t s  of i n t eg ra t ion  around surface of t h e  beach a t  any 
s t a t i o n  X, deg 

e f f e c t i v e  area on one beach at  any s t a t i o n  X on beach 

Mach number 

Reynolds number (based on 

free-stream dynamic pressure, l b / sq  f t  

angle of a t t ack ,  deg 

angle of s ides l ip ,  deg 

atmospheric s t a t i c  pressure, l b / s q  f t  

P l o c a l  s t a t i c  pressure,  l b / s q  f t  

P - P, 
P pressure coe f f i c i en t ,  

n 
Y 

Normal fo rce  normal-force coe f f i c i en t ,  
qs 

cN 

CY 
Side fo rce  

side-force coe f f i c i en t ,  

Chord force  chord-force coe f f i c i en t ,  
q s  

cC 

Thrust t h r u s t  coe f f i c i en t ,  
qs cT 

c =-z- a% acN 
a, &L 

long it udinal  -stab il it y parameter c% 
aerodynamic-center locat ion with respect t o  leading edge of 

mean aerodynamic chord 
cnl ICL 

c, + C damping-in-pitch coef f ic ien t  
cl m& 

d i r e c t  ional-  s t  ab ilit y parameter 
cnP 
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Subscripts : 

0 zero l i f t  

t t r i m  

min minimum 

MODEL DESCRIPTION 

The general  c h a r a c t e r i s t i c s  of t h e  model a r e  shown i n  t h e  drawing 
i n  f igure  1, i n  t h e  photographs i n  figure 2, and i n  t a b l e  I. The area 
d i s t r i b u t i o n  of the  model and t h e  prof i le  of a body of revolution with 
an equivalent area d i s t r i b u t i o n  are shown i n  f i g u r e  3. 

The wings were constructed of laminated wood with aluminum-alloy 
chord-plane s t i f f e n e r s  and inlays under the wing surface.  The construction 
of t h e  v e r t i c a l  t a i l  was similar except t h a t  t h e  aluminum-alloy inlays were 
omitted. The fuselage s h e l l  w a s  made of p l a s t i c - f i b e r g l a s s  laminate. The 
elevons and rudder w e r e  not def lected.  

The duct i n l e t s  on t h i s  model were closed with approximately spheri-  
c a l  covers ( f i g .  2 ( a ) )  and t h e  space a l l o t e d  f o r  ducting and turboje t  
engines i n  t h e  f u l l - s c a l e  a i rp lane  was used t o  house a solid-propellant 
rocket motor, as shown i n  f i g u r e  & ( a ) .  
motor w a s  designed t o  simulate t h e  scale mass flow, ex i t  pressure r a t i o ,  
and t h r u s t  of t h e  f u l l - s c a l e  turboje t  engines a t  M = 1.5 a t  an a l t i t u d e  
of 35,000 f e e t  with f u l l  afterburning. 

This sol id-propel lant  rocket 

Instruments and telemetering equipment were i n s t a l l e d  i n  t h e  nose, 
above t h e  wing ahead of t h e  rocket motor, and below t h e  wing as shown i n  
t h e  photographs i n  f i g u r e  4 .  The instruments, which were 14 i n  number, 
were used t o  measure angle of a t tack ,  accelerat ions along each body axis ,  
t o t a l  and s t a t i c  pressures,  rocket-chamber pressure,  base pressure,  and 
pressure d i s t r i b u t i o n  over t h e  port  beach. The loca t ions  of t h e  o r i f i c e s  
for measuring base and beach pressures are shown i n  figure 5 .  

TEST PROCEDURES 

. 

The model and t h e  booster assembly were launched from a mobile-type 
launcher incl ined a t  an angle of approximately 600 above t h e  horizontal  
as shown i n  f igure  6.  The model, which was accelerated t o  a maximum Mach 
number s l i g h t l y  g r e a t e r  than 1.5, separated from t h e  booster assembly when 
t h e  rocket motor i n  t h e  model was ignited.  The t h r u s t  of the  rocket motor 

c 
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c~atained ir, t he  m,Gdel such t h a t  t h e  n.;;?ber rerfiined e s sez t i a l l j ;  
constant during the  time between booster separat ion and rocket-motor burn- 
ou t .  A t  the  end of rocket burning it w a s  intended t h a t  t h e  model coast  
through t h e  speed range, being decelerated by drag and t h e  model weight 
component along the  f l i g h t  path.  

During t h e  f l i g h t  of t h e  model, information from each of t h e  14  in s t ru -  
ments m s  t ransmit ted from t h e  telemeter i n  the  model and received and 
recorded a t  t h e  ground receiving s t a t ion .  
radar  s e t  and a radar t racking un i t  were used t o  determine t h e  ve loc i ty  of 
t he  model and i t s  pos i t ion  i n  space. 
atmospheric conditions a t  t he  time of f l i g h t .  

A t  t h e  ground s t a t ion ,  a Doppler 

A radiosonde w a s  used t o  measure 

RESULTS AND DISCUSSION 

Visual observers on t h e  ground reported t h a t  t h e  model appeared t o  
f l y  along a normal f l i g h t  path during t h e  time it was being accelerated 
by t h e  booster assembly, but t h a t  soon a f t e r  t he  model separated from t h e  
booster assembly it developed a noticeable l a t e r a l  o s c i l l a t i o n  and then 
tumbled t o  t h e  water. 
t h e  v e r t i c a l  t a i l  came off t h e  model soon a f t e r  t h e  o s c i l l a t i o n  s t a r t e d .  
However, even though t h e  model was i n  f r e e  f l i g h t  f o r  only a short  time 
between separat ion from t h e  booster ,  3.3 seconds a f t e r  take-off ,  and 
model f a i l u r e ,  approximately 4 seconds after take-off ,  successful  meas- 
urements were obtained through most of t h e  in t e rva l  t h a t  t h e  sca le  rocket 
motors i n  t h e  model were operating. Time h i s t o r i e s  of t h e  bas ic  quan t i t i e s  
r e su l t i ng  from measurements made by the instruments i n  t h e  model, t h e  radar  
equipment a t  t h e  ground s t a t ion ,  and t h e  radiosonde f o r  t h e  time in t e rva l  
between model separat ion from t h e  booster and model f a i l u r e  are shown i n  
f i g u r e  7. 

Tracking motion-picture-camera film showed t h a t  

Analysis of Model La tera l  I n s t a b i l i t y  

The va r i a t ion  of t h e  side-force coef f ic ien t  with time, shown i n  f i g -  
ure  7, shows a divergent l a t e r a l  o s c i l l a t i o n  which ind ica tes  dynamic 
la teral  i n s t a b i l i t y .  Even though the  exact magnitude of t h e  side-force 
coe f f i c i en t  a t  t h e  t i m e  of model f a i l u r e ,  approximately 4 seconds a f t e r  
take-of f ,  cannot be determined because t h e  range of t h e  instrument was 
exceeded, t h e  general  character  of the divergent l a t e r a l  o s c i l l a t i o n  indi-  
ca t e s  t h a t  i n  a l l  p robabi l i ty  model f a i l u r e  was caused by excessive loads 
on t h e  v e r t i c a l  t a i l .  

A t h e o r e t i c a l  ana lys i s  of t h e  dynamic l a t e r a l  s t a b i l i t y  character-  
i s t i c s  of an a i rp lane  requires  t h a t  the inc l ina t ion  of t h e  p r inc ipa l  a x i s  
with respect  t o  t h e  body axis be known, but f o r  t h i s  model t h e  inc l ina t ion  
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of t h e  pr inc ipa l  a x i s  had not been determined. However, t h e  probable 
inc l ina t ion  w a s  estimated, from experience with s imi la r  models, t o  be 
within t h e  limits of 10 and 7 O  nose down from t h e  body a x i s .  
an ana lys i s  of t h e  dynamic l a t e r a l  s t a b i l i t y  c h a r a c t e r i s t i c s  was made by 
applying t h e  s t a b i l i t y  der iva t ives  presented i n  t a b l e  I1 t o  t h e  method 
of reference 1. The r e s u l t s  obtained f o r  t h e  l a t e r a l  o s c i l l a t i o n  mode 
a re  presented i n  f igure  8 t o  show t h e  va r i a t ion  of t h e  amplitude r a t i o  
a f t e r  one cycle with angle of a t t a c k  f o r  each of t h e  two values describing 
t h e  estimated l i m i t s  of t h e  inc l ina t ion  of t h e  p r inc ipa l  ax i s ,  E = lo 
and E = 7 O .  Thus, it can be seen i n  f igu re  8 t h a t ,  f o r  e v e n t h e  most 
favorable estimated inc l ina t ion  of the  p r inc ipa l  ax i s ,  
cu la t ions  indicate  t h a t  t he  model would have dynamic i n s t a b i l i t y  f o r  
negative angles of a t t a c k  grea te r  than -1.4’. 

. 
Accordingly, 

E = lo, t h e  ca l -  

Even though t h e  model t e s t e d  bad dynamic l a t e r a l  i n s t a b i l i t y  under 
the  t e s t  conditions,  the  f u l l - s c a l e  a i rp lane  would probably be s t ab le  
under sea- level  conditions,  a s  shown by t h e  curve calculated by Convair 
i n  f igu re  8, because of t h e  more favorable re la t ive-dens i ty  f a c t o r  of t he  
f u l l - s c a l e  a i rp lane  (a t  sea l eve l ,  approximately 1/6 t h a t  of t h e  model, 
and as a r e su l t  equal t o  the  re la t ive-dens i ty  f a c t o r  of t h e  model a t  an 
a l t i t u d e  of about 47,000 f e e t ) .  

I S t a b i l i t y  Parameters 

CNP 
Direct ional  s t a b i l i t y .  - The d i r e c t  i o n a l - s t a b i l i t y  der iva t ive  

can be calculated from the  time h i s t o r y  of t he  side-force coe f f i c i en t  by 
the  single-degree-of-freedom method which has been appl ied t o  another 
t a i l l e s s  a i rplane configuration i n  reference 2. Measuring t h e  period of 
t he  osc i l l a t ion  and applying it and the  necessary physical  parameters of 
t a b l e  I t o  t h e  equation of reference 2 r e su l t ed  i n  C N ~  = 0.00023/degree. 

Longitudinal s t ab i1 i tx . -  The values of CN and a obtained during 
the  t i m e  from 3.39 seconds t o  3.44 seconds shown i n  f igu re  7 a r e  p lo t t ed  
i n  f igu re  9 t o  show the  va r i a t ion  of t h e  normal-force coe f f i c i en t  with 
angle of a t tack .  With t h e  assumption t h a t  CN “ C L ,  s ince t h e  values of 
a a re  s m a l l ,  t h e  experimental l i f t - c u r v e  slope obtained from f igu re  9 
i s  approximately 0.03. This i s  considerably less than  t h e  value of 
approximately 0.04 obtained f o r  t h e  l i f t - c u r v e  slope during wind-tunnel 
t e s t s  of a near ly  r i g i d  model a t  M = 1.5 ( r e f .  3 ) .  The d i f fe rence  
between the values of CS, 
tunnel  t e s t s  i s  probably due i n  p a r t  t o  a e r o e l a s t i c  l o s ses .  

I obtained from t h i s  t e s t  and from t h e  wind- 

The va r i a t ion  of t h e  angle of a t t a c k  with t i m e ,  shown at  a l a rge  
sca le  i n  f igure 10, and the  slope of t h e  l i f t  curve obtained from f i g -  
ure 9 were used i n  conjunction with t h e  methods included i n  reference 4 

c 
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The value 03 
from f igu re  9 t o  f a l l  between Oo and 0.3'. 
neglecting a, 

ao, while not being accurately known, can be determined 

r e s u l t s  i n  an error i n  t h e  f i r s t  term no grea te r  than 
Therefore, since 0.t = -2.1°, 

15 percent.  Thus, neglecting ao, cDlo = -0.10. 

The model s t a b i l i t y  cha rac t e r i s t i c s  a s  determined from t h i s  t e s t  a r e  
compared i n  t h e  following t a b l e  w i t h  s t a b i l i t y  cha rac t e r i s t i c s  obtained 
under near ly  r i g i d  conditions from wind-tunnel tes ts  a t  M = 1.5: 

0.017-scale 
wind-tunnel model 0.10-scale 

rocket model 
( r e f .  3 )  

Center-of -gravi ty  pos i t  ion, 
percent M.A.C. . . . . . . . . . .  29.7 

C%/deg . . . . . . . . . . . . . . .  -0.0059 
cmo . . . . . . . . . . . . . . . . .  -0.010 

30.0 

- 0.007 
-0.0073 

Cm/CL from L.E. of M.A.C. . . . . .  -0.49 -0.48 
(cm, + c%)/rad . . . . . . . . . . .  -0.70 

Cnp /deg . . . . . . . . . . . . . . .  0.00023 0.00109 

Differences between rocket model and wind-tunnel r e s u l t s  a r e  great  - 
e s t  f o r  c;Oa, Cnp, and Go, which i s  discussed i n  the  next sect ion.  
The d i f fe rence  i n  

noted. The disagreement i n  t h e  value of 

f l e x i b i l i t y  s ince t h e  value of 

s ca l e  f l e x i b l e  a i rp lane  a t  sea l eve l  a t  M = 1.5 and l i s t e d  i n  t a b l e  I1 
i s  O.OOO24/deg which i s  very c lose  t o  t h e  value obtained i n  t h i s  t e s t .  
The value of C + C while obtained during power-on f l i g h t  represents  

t h e  power-off case,  s ince the  rocket t h r u s t  and angles of a t t ack  were 
small. The value agrees with the  r e s u l t s  of reference 5 which were 
obtained f o r  a t h i n ,  aspect-rat io-2,  d e l t a  wing and body. 

previously 
cLU 

i s  due t o  the d i f fe rence  i n  cma 
i s  probably due t o  model 

estimated by Convair f o r  t he  f u l l -  
c"P 

cnP 

mq mdL 
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L i f t ,  Pitching Moment, and Drag Contributed by t h e  Beach 
I 

The pressures measured on t h e  beach area,  at  t h e  loca t ions  shown i n  
f i g u r e  5 ,  a r e  probably indicat ive of those on t h e  f u l l - s c a l e  a i rplane 
because of the  close s i m i l a r i t y  between the  rocket engine and t h e  turboje t -  
engine charac te r i s t ics  as shown i n  t h e  following t a b l e .  
of t h e  rocket motor used i n  t h e  l / l0 -sca le  model were obtained from s t a t i c  
ground t e s t s )  : 

(Charac te r i s t ics  

Ful l -scale  a i rplane 
l/lO-scale ( M  = 1.3; a l t i t u d e ,  

33,000 f t ;  rocket mode 1 
( average values ) af terburner  on) 

E x i t  weight flow . . .  
Theoretical  i n l e t  weight flow 

Exit  t o t a l  pressure 
Stream s t a t i c  pressure 

. . . . . .  
- 

Exit  s t a t i c  pressure 
Stream s t a t i c  pressure 

. . . . . .  
CT . . . . . . . . . . . . . . . .  
Exit  area, sq i n .  . . . . . . . . .  
Exit  Mach number . . . . . . . . .  

0.84 

7.39 

4.25 

0.041 
2.82 
1.0 

0.78 

7.83 

4.31 
0.036 

285 
1.0 > 

The time h i s t o r i e s  of t h e  pressure coef f ic ien ts ,  presented i n  f i g -  
ure 7, indicate pressures considerably less than atmospheric over t h e  
beach, during power-on f l i g h t .  Since no power-off da ta  were obtained, 
t h e  e f fec t  of t h e  j e t  on t h e  pressure on t h e  beach cannot be determined. 
I n  order t o  estimate t h e  e f f e c t  of the  pressure on t h e  beach during 
power-on f l i g h t  on t h e  model aerodynamic c h a r a c t e r i s t i c s ,  it has been 
assumed t h a t  t h e  pressures measured on t h e  beach along t h e  j e t  center  
l i n e  a r e  representative of t h e  pressures around t h e  beach. While t h e  
pressure measurements a t  s t a t i o n  56 2 5  indicate  t h a t  t h e  assumption i s  
not s t r i c t l y  cor rec t ,  t h e  assumption w i l l  give conservative r e s u l t s .  
The var ia t ion  of t h e  pressure coef f ic ien t  has been assumed t o  be l i n e a r  
along the  beach surface between t h e  s t a t i o n s  where t h e  pressure measure- 
ments were made ( f i g .  l l ( a ) ) .  Also,  as shown i n  f i g u r e  l l ( a ) ,  the  pres- 
sure coeff ic ient  w a s  assumed t o  remain constant a f t  of t h e  last  pressure 
o r i f i c e j  however, t h i s  assumption w i l l  not lead  t o  l a r g e  e r r o r s  s ince 
t h e  effect ive area on which t h e  beach pressures a c t  decreases rapidly 
near t h e  r e a r  of t h e  beach ( f i g .  l l ( b ) ) .  
ponent of t h e  pressure coef f ic ien t  and t h e  e f f e c t i v e  area K i s  shown 
i n  f igure  l l ( c )  as Fn. The l i f t  coef f ic ien t  calculated from 

The product of t h e  noma1 com- 

r. p S t a t  ion 62.7 
Fn dx - d - -  C 

144s S t a t  ion 34.23 
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was found t o  be equal t o  -0.0056 ( t o t a l  f o r  both beach a r e a s ) .  
t h e  moment coef f ic ien t  w a s  -0.0044. 
i n  the  
t e s t s  can be accounted f o r  by t h e  pressures over t h e  beach. For t h e  wind- 
tunnel  t e s t s  of reference 3, t h e  a f t  port ion of t h e  model, including the  
beach a rea ,  was modified t o  incorporate the  model support system, and 
thus  t h e  r e s u l t s  included no beach e f f e c t s .  The drag coe f f i c i en t  contr ib-  
uted by t h e  beach area  was calculated t o  be 0.002.. 

Simiiai=ly,  
Thus it appears t h a t  t h e  d i f fe rence  

values obtained from t h e  present t e s t  and from wind-tunnel 
cmO 

The drag coef f ic ien t  and t h e  l i f t  coef f ic ien t  were ca lcu la ted  i n  t h e  
time i n t e r v a l  from 3.38 seconds t o  3.45 seconds, by t h e  equations 

and 

T o  extend t h e  range of values as much as possible ,  CE and CL were 
a l s o  ca lcu la ted  during the  t i m e  t h a t  t h e  
s top by applying t h e  product of CN,' obtained from f igu re  9, and t h e  

appropriate  angle of a t t a c k  from f igure  10 i n  place of experimental values 
of CN i n  t h e  same equations used previously.  These ca lcu la ted  values,  
a s  shown i n  f igu re  12, cover only a s m a l l  p a r t  of t h e  range needed t o  
e s t a b l i s h  a drag polar ;  however, by comparing these  values with a drag 
polar  obtained f o r  a 0.017-scale model at M = 1.5 i n  a wind-tunnel t es t  

'%in ( r e f .  3 )  and assuming t h a t  

t e s t s ,  it i s  possible  t o  es t imate  C 

0.035 as compared with 0.028 obtained i n  t h e  wind-tunnel t e s t .  
of t h e  wind-tunnel model i s  probably low since t h e  a f t  por t ion  of t h e  
fuselage d i f f e red  from t h e  a i rp lane .  The drag of t h e  rocket model i s  
probably g rea t e r  than t h a t  of  t h e  ai rplane because of t h e  blunt  i n l e t -  
duct f a i r i n g s  which would correspond t o  low i n l e t  mass flow. The rocket 
base annul i  contr ibuted approximately 0.0015 t o  t he  model drag coe f f i c i en t .  

CN instrument w a s  against  t he  

would occur a t  t h e  same CL f o r  both 

f o r  t h i s  t e s t  as approximately 

The drag 
%in 

CONCLUSIONS 

The r e s u l t s  of t h e  power-on f l i g h t  a t  M = 1.53 of a l / l0 -sca le  
model of t h e  Convair XF2Y-1 a i rplane containing so l id- fue l  rocket motors 
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designed t o  simulate fu l l - s ca l e  turbojet-engine cha rac t e r i s t i c s  with 
f u l l  afterburning a t  an a l t i t u d e  of 35,000 f e e t  indicate  t h e  following 
conclusions: 

1. The model had dynamic la te ra l  i n s t a b i l i t y ,  but under conditions 
not l i k e l y  t o  be encountered by t h e  fu l l - s ca l e  a i rp lane .  

2. The value obtained f o r  t h e  pi tching moment a t  zero l i f t  w a s  
approximately jO percent g rea t e r  (nose down) than the  value obtained 
from wind-tunnel t e s t s ;  however, t h i s  difference w a s  accounted f o r  by 
calculat ion of t he  pi tching moment contributed by the  low-pressure regions 
over t h e  beach areas. 

3. The value obtained fo r  t he  d i r e c t i o n a l - s t a b i l i t y  parameter, while 
d i f f e r ing  widely from t h e  r e s u l t s  of wind-tunnel t e s t s  (probably because 
of model f l e x i b i l i t y ) ,  agreed very w e l l  with the  value estimated by 
Convair for  t he  fu l l - s ca l e  f l e x i b l e  a i rp lane  a t  sea l e v e l .  

4 .  Compared with wind-tunnel r e s u l t s ,  t h e  value of 0.03 obtained 
f o r  t h e  l i f t -curve  slope during t h i s  t e s t  w a s  approximately 251 percent 
low. The difference i s  probably due i n  pa r t  t o  wing ae roe la s t i c  losses .  

5 .  The extrapolated minimum drag coef f ic ien t  obtained f o r  t h i s  model, 
which had i n l e t s  t h a t  were f a i r e d  with approximately spher ica l  covers, was 
approximately 25 percent higher than  t h e  drag obtained from wind-tunnel 
t e s t s  of a model with open i n l e t s ,  but having a d i f f e ren t  a f t  fuselage 
geometry. 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley F ie ld ,  V a . ,  September 15, 1953. 

Aeronautical Research- Sc ien t i s t  

Robert L .  Nelson 
Aeronautical Research Sc ien t i s t  

Approved: W a M  
I Joseph A .  Shor ta l  

Chief of Phlo t less  Ai rcraf t  Research Division 
mhg 
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TABLE I 

GENERAL CHARACTERISTICS OF MODEL 

Wing : 
Tota l  included area, sq f t  . . . . . . . . . . . . . . . . . .  5.63 
Span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.37 
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . .  2.14 
A s p e c t r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  2.03 

A t  center  l i n e  . . . . . . . . . . . . .  NACA 0002.89-65 (modified) 
From 81, percent of half-span t o  t i p  . . .  NACA oooic-65 (modified) 

A i r f o i l  sect ion:  

T a i l  : 
Exposed area ,  sq f t  . . . . . . . . . . . . . . . . . . . . .  0.80 
A i r f o i l  section: 

A t  root . . . . . . . . . . . . . . . . .  NACA 0003-65 (modified) 
A t  t i p  . . . . . . . . . . . . . . . . . .  NACA 0004-65 (modified) 

Elevon def lect ion,  deg . . . . . . . . . . . . . . . . . . . . .  0 

Weight*, lb . . . . . . . . . . . . . . . . . . . . . . . . . .  94.16 

Moment of i n e r t i a  about body axes*, slug-ft*:  
Roll... . . . . . . . . . . . . . . . . . . . . . . . . . .  0.51 
Yaw . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.17 
P i t ch  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.38 

Center-of -gravi ty  position*: 
F e r c e n t E  . . . . . . . . . . . . . . . . . . . . . . . . . .  29.7 
I n .  above reference l i n e  . . . . . . . . . . . . . . . . . . .  0.8 

. 

* Average values during t e s t .  
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STABILITY DERIVATIVES USED I N  DYNAMIC-LATERAL-STABILITY ANALYSIS 

[Derivatives estimated by Convair for the  f u l l - s c a l e  

f l e x i b l e  a i rplane a t  M = 1.5 a t  sea l e v e l ,  

except where noted] 

c = -0.00227/deg C "p = 0.00018/deg C YP = -0.00175/deg 
lP  

C 2  r = 0.00087/deg Cnr = -O.OOO87/deg C 'r = O/deg 

C = -0.00027/deg** CnP = O.O0023/deg* Cyp = -O.O0900/deg 
2 P  

* estimated by Convair, 0.00024, was replaced by 
CnP 

The value of 

t h e  experimental value. 
** 

The value of C1 estimated by Convair, -0.00035, w a s  replaced 
by t h e  value i n  t h e  t a b l e  t o  serve as an adjustment for the  t r i m  angle 
of a t t a c k  as indicated by wind-tunnel r e s u l t s  of r e f .  6. 

P 
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(a) Phot.ograpl1 of aft end of model. 

Figure 5.- Locations of beach pressure orifices and base pressure orifices. 
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(b )  Sketch of a port ion of a f t  end of model, lookinz forward. 

Figure 5.-  Concluded. 
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Figure 1 1 . -  Estimation of the  e f f e c t  of pressures  over tlie beach on t h e  
model D i t c h i m  moment. 
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